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INTRODUCTION
In recent years techniques have been developed and criteria established
which for the first time have permitted study of the epidemiology of gram-
negative bacillary infections of the urinary tract in the general population.
There have been three studies of adult general populations, and all have
attempted to determine the relation of urinary infection to blood pressure
levels.`' A study by Switzer in Hiroshima failed to detect a significant
difference in rates of infection in persons above and below a defined blood
pressure level.' More infections were found in hypertensives; however, the
total group of infected persons numbered only 17.
In a study of rural and urban Jamaicans"S the mean blood pressure of
bacteriuric subjects under age 60 was higher than nonbacteriuric subjects,
but aside from one age group in which blood pressure was significantly
lower and another in which it was significantly higher, no statistically
significant differences were found.! Data from a similar study in Wales have
not been published in detail but are described as also having shown higher
blood pressures in bacteriuric as compared with nonbacteriuric subjects.!
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This problem has been investigated in patients visiting hypertension clinics
and similar suggestive but equivocal results were reported.',"
Since the classic autopsy study of Weiss and Parker' there has been con-
siderable discussion as to whether hypertension increases susceptibility
to pyelonephritis or whether pyelonephritis elevates the blood pressure
prior to the development of renal insufficiency."9 It must be emphasized that
the relation between urinary tract infection and what is called pyelone-
phritis at autopsy has yet to be clarified,91" and that neither urinary tract
infection nor renal lesions at autopsy resulting from bacterial infection
of the kidney have been shown unequivocally to be associated with elevated
levels of blood pressure.
The present study was conducted at the Atomic Bomb Casualty Com-
mission (ABCC) on a sample of Hiroshima residents systematically
selected for the purpose of determining the influence of exposure to the
atomic bombing of 1945 on general health status. A survey for urinary
infections was taken on persons in the sample examined in the ABCC clinic
over a one-year period; the sample included approximately 3,000 women
and 2,000 men. The purpose of the study was to determine the prevalence
of urinary infection and to studythe relation between bacteriuria and various
aspects of the general examination, particularly blood pressure. In addition,
the rates of urinary tract infection in the clinic were compared with the
rates of chronic pyelonephritis at autopsy.
MATERIALS AND METHODS
To determine mortality in persons exposed to ionizing radiation emitted during
the 1945 atomic bombings in Japan, about 75,000 Japanese residents of Hiroshima
(and 25,000 of Nagasaki) were selected for study by the ABCC. Selection was made
from census lists, and matched comparison groups differed chiefly as to distance from
the explosion. Considerations of health status did not deliberately enter into the
selection." Death certificates were accumulated for this group. About 40 per cent of
all deaths since 1960 have been autopsied. Detailed analyses of death certificate and
autopsy data have been presented elsewhere."'
About one fifth of this sample was chosen for a continuing program of clinic
examinations which began in 1958 with the subsample scheduled to be seen over a two-
year period. Second examinations were begun in 1960 and third examinations in 1962.
The present survey for urinary infections was conducted during the third examination
series from 18 December 1962 through 17 December 1963 in Hiroshima.
Participation and attrition have been analyzed in detail for the first series (1958-60)
of examinations,. and data for the 1st and 2nd series have been presented elsewhere."8
About 80 per cent of the persons still alive at the time were examined. After subtracting
persons who moved from the city, about 90 per cent of those still living were seen.
Details of participation during the period of this study are not yet available, but
preliminary results show no major change from previous years.
263
FREEDMAN., et al.YALE JOURNAL OF BIOLOGY AND MEDICINE
Very few subjects in the adult study group were less than 20 years of age at the
time of this survey. About 90 per cent of this age group in the present study were
participants in another study running concurrently in ABCC clinic.' These young
adults were in utero at the time of the atomic bombing and were selected according
to the location of their mothers. About 75 per cent of this preselected sample was
seen during the survey for urinary infections. Examination procedures were the same
as for adults.
Clinic procedure
Subjects were examined by the clinic staff of Japanese physicians. Most subjects
were seen in the morning after breakfast; a few were seen in the afternoon or in the
evening. A medical history was taken and physical examination was performed after
a urine specimen was obtained.
Questionnaires about health status were given to the subjects at home and brought
to the clinic at the time of the examination. The questionnaire contained 118 items,
each requiring the circling of "yes" or "no." Those questions not answered at the
time of clinic visit were completed with the help of a nurse. Blood pressure was taken
by a Japanese nurse. The cuff was applied to the left arm with the subject in a sitting
position. The diastolic value was taken as the point of cessation of sounds. First
readings were coded for tabulation.
Height was measured without shoes and weight with the subject wearing a dressing
gown, the weight of which was subtracted from the observed value. Using EDTA as
an anticoagulant, hemoglobin was measured by the cyan-methemoglobin method. The
voltage required to attain a frequency of vibration just perceivable by the subject was
taken as the unit of measurement for vibrometry. Auditory loss in the right ear was
measured in decibels at 4,000 cycles per second. Techniques for obtaining chest X-rays
and electrocardiograms and for determining serum cholesterol have been described
in previous ABCC studies.'
A clean voided midstream urine specimen was obtained from each subject during
previous examinations, and the same procedure was utilized for the present study.
After washing his hands, the subject cleansed the urethral orifice with cotton soaked
in 1: 1,000 zephiran and three more times with cotton soaked in sterile water. A mid-
stream urine sample was then collected in a wide-mouthed sterile jar. The sample was
cultured for bacteria and then tested for protein and sugar with Combistix. Positive
tests for protein were confirmed with the nitric acid ring test and for sugar by
Benedict's reagent. Microscopic examination was conducted on the sediment of 15 cc. of
urine that had been centrifuged at 2,000-3,000 r.p.m. for about three minutes.
Screening urine culture
Immediately after voiding, the urine specimen was taken to a laboratory technician
adjacent to the urine collection room. A platinum wire loop, 2.5 mm. in external
diameter, was dipped in the urine and streaked on one fourth of a blood agar plate.
Plates were incubated overnight and colonies enumerated the next day. This consti-
tuted the screening urine culture. Confirmatory cultures were carried out when indicated
by a colony count technique described previously'0 and only persons with a positive
culture by this method were considered to have urinary tract infections.
Criteria for the semiquantitative estimation of the number of bacteria in the urine
were established by estimating the quantity of fluid transferred by the platinum loop.
Samples of ten overnight broth cultures of Staphylococcus aureus and E. coli were
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cultured by the loop method and simultaneously by a more precise method utilizing
serial dilutions and accurate measurement of the volume of urine cultured. Comparison
of colony counts from the two methods produced estimates of the volume of urine
deposited on the culture plate by the loop ranging from .001 ml. to .004 ml. (M = .002,
a = .001). Since most urinary infections are associated with 100,000 or more viable
bacterial units per milliliter of urine, 10 or more colonies of gram-negative bacilli by
the loop method was considered a positive screening culture, thus setting the lower
level of detection from about 2,500 to 10,000 (M = 5,000) viable bacterial units per
milliliter of urine.
Mixtures of staphylococci, lactobacilli, and diphtheroids were often detected on the
blood agar plates. These were associated with contamination during the collection
procedure.2' The first 38 subjects whose screening urine cultures contained 50 or more
colonies of any of the gram-positive bacteria were retested with a precise colony count
on a fresh specimen. Of the 32 subjects who returned for this examination, none had
as many as 10,000 bacteria per milliliter of urine when cultured on media selective
for gram-negative and gram-positive bacteria. Therefore, a screening culture was
considered positive for gram-positive bacteria only when 50 or more colonies of
staphylococci or streptococci were detected in pure culture.
Positive screening urine cultures were obtained in 167 women and 24 men, and
repeat cultures by the more precise method were obtained, usually within two months,
from 158 of the women and 22 of the men. Repeat cultures exceeded the arbitrary
criterion of 10,000 colonies of bacteria per milliliter of urine, taken as confirming the
screening culture, in 100 (63.3%) of the women and 10 (45.5%) of the men. The great
majority of these confirmatory cultures exceeded 100,000 viable units per milliliter of
urine (84 of the 100 in women and 7 of the 10 in men), and, a few others, 10 women
and 3 men, had colony counts >100,000 on a second repeat culture.
The percentage of confirmed positive screening cultures was related to the purity of
the culture as well as the number of colonies grown. Considering the largest relatively
homogeneous group, gram-negative bacilli detected by screening culture in women,
108 were pure cultures and 89 (82.4%) were confirmed by the more precise culture
technique. In contrast, 18 contained 2 or more types of bacilli and only 8 (44.4%)
were confirmed. Similarly, 103 screening culture counts exceeded 100 colonies, and of
these 85 (82.5%o) were confirmed. Of 23 screening culture counts between 10 and 99
colonies, 12 (52.2%) were confirmed. There were 94 screening cultures with 100 or
more colonies of a single organism, and 80 (85.1%) were confirmed. Numbers are
too small for a reliable conclusion but do suggest that screening cultures showing
only gram-positive bacilli are more often confirmed in men than in women: 3 of 10
in men and 1 of 24 in women. Gram-negative bacilli on screening culture were
confirmed at about the same rate in men as in women.
During the year of the study, for a variety of reasons, clinic physicians requested
precise quantitative urine cultures on over 350 persons whose screening cultures were
performed the same day and were negative. None of these quantitative cultures was
positive. However, in two instances, a negative screening culture was followed 3¼2 and
5 months later by the development of urinary discomfort in one woman and pyuria in
another. Two urine samples contained 10' gram-negative bacilli per milliliter in one
subject and 10' and >10' in the other. Screening cultures were accidentally omitted on
1 male and 1 female for whom a quantitative urine culture was positive.
Nine women and two men had positive screening cultures, but specimens for repeat
cultures could not be obtained. Of the 9 women, 6 had >100 colonies of gram-negative
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bacilli, 2 had >50 colonies of staphylococci, and 1 had 27 colonies of gram-negative
bacilli with staphylococci. One of the men had >100 gram-negative bacilli and the other
>100 staphylococci on the screening culture.
Study groups
For purposes of the present analysis, 103 womien and 11 men are considered to have
had urinary tract infections. All but 6 had quantitative urine cultures exceeding
100,000 colonies per milliliter of urine, and all but 4 were initially detected with a semi-
quantitative urine screening culture. In 2 women initial screening cultures were
negative, and in 1 woman and 1 man no screening culture was done.
For comparison, a group was selected from among the subjects who had a negative
screening urine culture at the time of routine clinic visit. Because males with infection
TABLE 1. SUBJECTS WITH CONFIRMED URINARY TRACT INFECTIONS,
HMROSHIMA 1962-63
Male Female
Infected Infected
Age at Examination Examined No. % Examined No. %
<20 502 0 0.0 475 4 0.8
20-29 118 0 0.0 193 2 1.0
30-39 401 0 0.0 775 14 1.8
40-49 213 0 0.0 555 17 3.1
50-59 335 2 0.6 602 17 2.8
60-69 324 5 1.5 443 33 7.4
70+ 112 4 3.6 148 16 10.8
Total 2005 11 0.5 3191 103 3.2
were so few, the comparison group was limited to females and was further matched
on age and month of examination. In all other respects, selection was made at random.
For each infected female, two subjects were selected so that the comparison group
totaled 206 persons.
RESULTS
It is estimated that 97 per cent (95 per cent binomial confidence limits
about 99 per cent and 94 per cent) of the study participants visiting the
Hiroshima ABCC clinic for routine scheduled examinations during the
period of this study had their urine tested for bacteria by the loop screen-
ing method. This estimate is based on the fact that in an initial selection of
206 matched comparison subjects, 6 had not had a screening culture. The
3,191 women and 2,005 men examined and the number and percentage
with confirmed urinary tract infections are given in Table 1 and Figure 1.
It seems unlikely that an infection would be missed if a screening culture
was done. About 350 quantitative cultures were made, at the attending
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physician's request, from the same urine specimen as was the screening
culture. Presumably these cultures were requested because of evidence of
possible urinary infection, but none were positive. There are only 2 known
instances of a positive quantitative culture following a negative screening
culture: one after 3 months, the other after 5 months had elapsed.
Screening cultures were missed by error in about 3 per cent of the sample
(55 to 330 persons) and repeat cultures could not be obtained from 11
persons whose screening cultures were positive. These losses are partly
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FIG. 1. Prevalence of urinary infection in Hiroshima.
offset by the inclusion of six cases whose repeat culture colony counts
were in the range 10,000 to 99,000 per milliliter of urine. Thus, the per-
centages in Table 1 may underestimate prevalence, but it seems unlikely
that the error is very great.
The percentage of urinary tract infections rose with age in both sexes,
but was much higher in women. No infections were detected in men under
50 years. Rates in women were relatively stable until age 60 and then
rose sharply. Because of this abrupt change in rates, suggesting the
operation of different factors in women above and below age 60, com-
parisons of infected and noninfected women were made with an age
subdivision.
Using distance from the hypocenter at the time of the bomb (ATB) as
an index of radiation received from the atomic explosion, rates of urinary
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infection were calculated separately for women under 1,400 meters, 1,400-
1,999 meters, beyond 2,500 meters, and not in the city. Although age specific
rates varied irregularly, the crude rate was highest in the closest group
(3.9 per cent) and lowest in the group not in Hiroshima ATB (2.9 per
cent); intermediate distance groups had intermediate rates (3.1 per cent
and 3.0 per cent). Age standardization did not appreciably alter this
TABLE 2. BLOOD PRESSURE IN WOMEN WITH AND WITHOUT URINARY
TRACT INFECTION, 1962-63 AND 1958-60
Infected Noninfected
Age at examination Age at examination
<40 40-59 60+ Total <40 40-59 60+ Total
Systolic pressure (mmHg) 1962-63
Number 20 34 49 103 40 68 98 206
Mean 107.2 125.4 150.7 133.9 104.2 119.3 140.5 126.4
S.E.(M) 2.78 4.52 5.11 1.37 2.38 2.94
Diastolic pressure (mmHg) 1962-63
Mean 67.5 78.1 84.7 79.2 65.1 75.2 78.4 74.7
S.E.(M) 2.53 2.35 2.30 1.29 1.46 1.22
Systolic pressure (mmHg) 1958-60
Number 18 32 43 92 37 62 87 184
Mean 111.3 119.6 146.4 130.7 110.3 123.8 145.6 131.1
S.E.(M) 2.65 4.09 4.87 2.02 2.13 3.58
Diastolic pressure (mmHg) 1958-60
Mean 69.2 74.5 86.0 78.9 68.3 76.8 81.9 77.6
S.E.(M) 2.11 2.39 2.51 - 1.40 1.42 1.56 -
trend which, though suggestive of a possible radiation effect, is not
statistically significant. Study of a larger group perhaps would prove
more conclusive in this respect.
Comparison of infected and noninfected women
In this section the 103 women with detected urinary infections are
compared for a number of factors with 206 women who had negative
screening cultures. Comparison of blood pressures and related findings
were of greatest interest because of the past evidence of an association.
Several other specific pieces of information were explored in the hope
of adding to knowledge of the epidemiology of urinary infections.
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Blood pressure. Table 2 shows the mean and standard error of the
mean for systolic and diastolic blood pressures as recorded at the time
of the current examination and the values for the same subjects at an
earlier examination approximately four years earlier. At the current
examination both systolic and diastolic pressures were consistently higher
in infected women than in the corresponding age category of those without
infections. Analyses of variance, in which age group differences were con-
trolled statistically, were performed on these two sets of data, and F-tests
mmNg 135 with
125 Systolic without
mmHg 80
. with
without
Diastolic
707
1958-60 1962-63
FIG. 2. Change in blood pressure of women with and without urinary infections.
were significant for both systolic (p. < .05 )and diastolic (p. < .01) pres-
sures. Inferences from these test results to differences between the infected
and noninfected group means are somewhat obscured by the lack of homo-
geneous subgroup variances. However, the relative insensitivity of F-test
results to the homogeneity of variances required by theory and the con-
sistent direction of all six differences between means, taken together with
the F-test results, make it extremely unlikely that the higher mean pres-
sures in infected subjects are the result of sampling error.
Differences between infected and noninfected women in mean blood
pressures from the 1958-60 examination series (Table 2) were not
statistically significant, and they were neither as large nor as consistent
in direction as pressures taken currently. Mean pressures of noninfected
women of all ages fell in the four-year interval, whereas overall mean
pressures in infected women rose (Fig. 2). There were, however, differences
in pattern by age in women with infections. Pressures in women under age
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40 with infections fell less than in the noninfected; all pressures rose in
infected women at ages 40-59, and infected women age 60+ had a large rise
in systolic pressure and a slight fall in diastolic pressure.
On the assumption that an elevated blood pressure should also be
manifested in a greater frequency of certain diagnoses and electro-
TABLE 3. PERCENTAGE SELECTED DIAGNOSES, ELECTROCARDIOGRAM ABNORMALITIES
AND FAMILY HISTORY ITEMS PERTAINING TO CARDIOVASCULAR DISEASE FOR
WOMEN WITH AND WITHOUT URINARY TRACT INFECTION
Findings
Number examined
Infected
Age at examination
<60 60+ Total
54 49 103
Noninfected
Age at examination
<60 60+ Total
108 98 206
Cardiac enlargement
Aortic arteriosclerosis
Cardiac enlargement
Hypertensive heart disease
Arteriosclerotic heart disease
Cerebrovascular disease
Rhythm and conduction
Left ventricular hypertrophy or
left ventricular strain
Heart trouble
High blood pressure
Stroke (apoplexy)
X-ray diagnoses
11.1 388 24.3 11.3
0.0 38.8 18.4 4.7
0.0 10.2
3.7 22.4
0.0 4.1
0.0 0.0
Clinical diagnoses
4.9 2.8
12.6 0.9
1.9 0.0
0.0 0.0
28.0 19.4
28.0 16.0
4.0*
14.0
3.0
1.0
Electrocardiogram abnormalities
7.4 24.5 15.5 13.9 20.4
3.4
7.3
1.5
0.5
17.0
3.7 8.2 5.8 0.0 9.2 4.4
Family history by questionnaire
13.0 18.4 15.5 5.7 5.0* 5.3**
14.8 20.4 17.5 26.4 21.0 23.8
11.1 16.3 13.6 15.1 20.0 17.5
x2 probability of no difference between noninfected and infected women of corresponding
age: * <.05, ** <.01.
cardiogram changes and possibly in more frequent family histories of
certain related conditions, the infected and noninfected subjects were com-
pared on the several items shown in Table 3. While relatively few x2 tests
were significant, both X-ray diagnoses and the three clinical diagnoses of
heart disease were made more often in infected than in noninfected women.
These differences were more pronounced over age 60 than when all ages
were combined. Cerebrovascular disease was diagnosed only in one mem-
ber of the noninfected group. Major electrocardiogram abnormalities of
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rhythm and conduction were seen slightly more frequently in infected
women over age 60, and patterns suggestive of left ventricular hypertrophy
or left ventricular strain were seen in the infected group more often under
age 60. Although family histories of stroke and high blood pressure are
crude measures of these diseases in families, rates were, if anything, lower
in the group of women with urinary infection. A family history of heart
disease was more common in infected women, but there is doubt about
the validity of this datum. Questioning about this item in the clinic revealed
TABLE 4. PERCENTAGE OF AFFIRMATIVE REPLIES TO SELECTED SELF-ADMINISTERED
QUESTIONNAIRE ITEMS: PERSONAL HISTORY, WOMEN WITH AND WITHOUT
URINARY TRACT INFECTION
Infected Noninfected
Age at examination Age at examination
<60 60+ Total <60 60+ Total
Flank pain 13.0 20.4 16.5 10.4 10.0 10.2
Back pain 18.5 24.5 21.4 20.8 15.0 18.0
Nocturia 7.4 46.9 26.2 7.5 30.0* 18.4
Dysuria 0.0 10.2 4.9 0.0 0.0** 0.0**
Blood in urine or vaginal bleeding 7.4 4.1 5.8 12.3 4.6 8.3
Kidney trouble or nephritis 20.4 10.2 15.5 11.3 13.0 12.1
Dribble after urination 3.7 6.1 4.9 2.8 7.0 4.9
One or more of above 46.3 67.3 56.3 35.8 51.0* 43.2,-
x probability ofno difference between noninfected and infected women of corresponding
age: * <.10, ** <01, t <.05.
many fewer positive replies than had been obtained by questionnaire.
On the other hand, repeat questioning about stroke and high blood pressure
did not alter replies in more than a few cases. This is not surprising since
stroke is the most common cause of death in Japan and a great deal of
attention is given to blood pressure readings.
Serum urea nitrogen levels. Serum urea nitrogen (SUN) was tested
in 96 of the infected women: 15 had values in the range 16 mg/lOOml.
to 19 mg/lOOml. and 3 had values of 20 mg/lOOml. or more, the highest
being 25mg/100ml. Among these 18 women with possible SUN elevations,
2 had normal repeat SUN determinations and another 2 had serum
creatinine values below 1.0 mg/lOOml. One woman with a SUN of 25
mg/lOOml. or greater had a serum creatinine of 1.18 mg/lOOml., and two
others were clearly hypertensive with blood pressures of 170/lOOmmHg
and 260/130 mmHg. Neither of these hypertensive women had serum
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creatinines above 0.9 mg/100ml. Only 4 of the 18 women had blood pres-
sures exceeding the mean of the entire group.
Symptoms. The self-administered questionnaire had seven items pertain-
ing to the presence of symptoms which could be indicative of urinary in-
fection. The seven symptoms are listed, along with the percentages of
infected and noninfected subjects giving affirmative replies, in Table 4.
TABLE 5. PERCENTAGE WITH SELECTED URINARY FINDINGS, WOMEN WITH
AND WITHOUT URINARY TRACT INFECTION
Infected Noninfected
Age at examination Age at examination
<60 60+ Total <60 60+ Total
Proteinuria
Trace 3.7 6.1 4.9 2.8 12.2 7.3
Positive 11.1 30.6 20.4 4.6 8.2* 6.3*
Glycosuria
Trace and 1+ 0.0 2.0 1.0 2.8 0.0 1.5
2+ to 4+ 0.0 4.1 1.9 1.9 1.0 1.5
White blood cells
1-5 24.1 24.5 24.3 19.4 17.3 1&4
>5 33.3 40.8 36.9 4.6* 7.1* 5.8*
Red blood cells
1-5 20.4 34.7 27.2 19.4 31.6 25.2
>5 9.3 10.2 9.7 4.6 12.2 8.3
x' probability of no difference between noninfected and infected women of corresponding
age: * <01.
It is seen that flank pain, back pain, nocturia, and dysuria were more
common in infected women. However, the differences were found almost
exclusively in women age 60 or over. None of the women under age 60
complained of dysuria. Back pain and nocturia occurred with equal fre-
quency in infected and noninfected women under age 60.
Blood in the urine or a history of vaginal bleeding was not noted more
frequently by infected women. This is consistent with the absence of a
difference in the finding of red blood cells in the urine (Table 5).
Urinalysis. The urinalysis data are shown in Table 5. Proteinuria was
more common in women with infection from the age of 40 onward.
Glycosuria was more common in infected women 60 years and older but
was less common in younger women. Too few instances of glycosuria were
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detected to attach significance to this finding; however, the diagnosis of
diabetes mellitus and the presence of a family history of diabetes followed
the same pattern.
Large numbers of white blood cells were more often found in the urine
sediment of infected women of all ages. There were, however, no con-
sistent differences in the finding of red blood cells. In infected and non-
infected women there was an increase in the finding of red blood cells and
protein in the urine with increasing age.
Other findings. In addition to symptoms reported by questionnaire and
findings by routine urinalysis, infected and noninfected groups were com-
pared on the following factors of secondary interest.
1. Clinical diagnoses: Diabetes, thyroid disease, gastric ulcer, duodenal
ulcer.
2. Family history by questionnaire: Diabetes, kidney trouble or nephri-
tis, thyroid enlargement or disease, stomach trouble, rheumatism,
headache.
3. Clinical findings: Hearing loss at 4,000 cycle/sec., vibrometry, height,
weight, history of one or niore pregnancies.
4. Laboratory findings: ABO blood groups, hemoglobin, cholesterol.
5. Socioeconomic level: Living area per person in household, source of
drinking water and type of toilet, educational achievement.
For none of these observations were differences statistically significant.
Criteria for these diagnoses have been described in detail elsewhere.'
Bacteriology in women
Identification of the microorganisms recovered from the urine of women
revealed that 89 of the 103 were E. coli or paracolon bacilli. Aerobacter,
Proteus, and Staphylococci accounted for the remaining 14 infections which
were approximately equally divided between persons under and over age
60. Tabulation of the results of antibiotic sensitivities in women likewise
failed to reveal any differences between those over and under age 60.
Thirty-four women had infections with bacteria resistant to two or more
antibiotics by the single disc technique. Seventeen were age 60 and over; 17
were less than age 60.
Urinary infections in men
Three men had gram-positive coccal infections and 1 had Pseudo-
monas; all 4 had evidence of prostatic enlargement and 1 had been
catheterized. On the other hand, in the remaining 7 subjects, 1 had a
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bladder stone removed, but instrumentation of the urinary tract was
denied by the others. One man complained of burning on urination and only
2 had blood pressures in excess of 140/90 mmHg. Proteinuria was found
in 2 subjects, 1 of whom had hypertension. Large numbers of white blood
cells (more than ten per high power field) were noted in the urine of all
but two subjects.
Pyelonephritis at autopsy
The studies at ABCC provide an unusual opportunity for the correlation
of clinical observations with findings at autopsy. The clinic population is a
TABLE 6. AuToPsY DIAGNOSES OF PYELONEPHRITIS
Male Female
Observed Observed/expected Observed Observed/expectcd
All pyelonephritis 31 4.6* 40 1.7*
Chronic pyelonephritis
only 25 3.7* 27 1.1
Chronic pyelonephritis
without urinary
obstruction 16 2.4* 21 0.9
x2 probability of no difference between observed and expected numbers: * <.001.
portion of a much larger sample selected in the same way. An effort
is made to obtain permission for an autopsy in the event of death of anyone
in the entire study population regardless of whether death occurred in
hospital or at home. Furthermore, since October 1960, autopsies have been
obtained without significant bias according to the clinical diagnosis.16
Although it was not possible at the time of the present study to compare
clinical diagnoses of urinary infection with autopsy data in the same
patients, it was possible to approach this goal by analyzing autopsy data
drawn from the same population without bias as to clinical diagnosis.
From 1 October 1960 through 30 September 1962, 330 male and 307
female members of the entire population sample under study in Hiroshima
were autopsied at ABCC. All autopsy protocols were reviewed by one of
the investigators (LRF) for evidence of pyelonephritis and renal obstruc-
tion. The numbers found by this review are given in Table 6.
To evaluate the correspondence of clinical rates of urinary infection
and autopsy rates of chronic pyelonephritis, the prevalence estimated in
this one-year clinical survey (Table 1) was applied to the total autopsy
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series to calculate the number of autopsied cases expected if both rates
were the same. Calculation was age-specific for males and females separately
and, summing over age, produced expected numbers of 6.7 males and 24.1
females. The ratio of numbers actually observed to these expected num-
bers are shown in Table 6 along with the results of significance tests of
discrepancies between observed and expected numbers.
The number of males with pyelonephritis diagnosed at autopsy signifi-
cantly exceeds the number predicted from clinical rates. This is true
regardless of whether all autopsy diagnosed pyelonephritis, chronic pyelo-
nephritis, or chronic pyelonephritis without obstruction is contrasted
with the number expected. In females only the total number observed at
autopsy with pyelonephritis is significantly larger than predicted from
clinical rates. The number at autopsy with chronic pyelonephritis, with or
without obstruction, corresponds very closely with the predicted number.
DISCUSSION
Rates of urinary infection in this study (Table 1) were similar to those
reported for an urban population in Jamaica! Infections in men were un-
usual, thus making detailed analysis impossible; none were detected prior
to age 50. Infections were more common in women than in men, at all ages.
Rates in 19-year-old girls, the youngest age group studied, were similar
to those reported by Kunin in school children age five and over.' Studies
on adults conducted in rural Jamaica and in Wales have found higher rates
of infection in women than those reported herein."' No explanation is
apparent for these differences.
Inspection of the rates for women according to age in the present study
show a small rise over the ages 30-59 with a sharp rise for persons age
60 and over. The best explanation for the rise in rates of infection in
older women is an increase in susceptibility, the reasons for which are not
known. There are at least two other possible explanations for this pre-
cipitous rise in prevalence in older women. Mortality rates might be higher
in noninfected women, thus affording an advantage to women with infection.
This seems most unlikely and will not be considered further.
It is possible that rates of new infections are constant throughout the
adult years, but that infections are shorter-lived in younger women. This
is also considered unlikely since age does not have an influence on the
ability to treat urinary infections in a hospital clinic' or in patients detected
in previous years of the present study.' In addition, the spontaneous dis-
appearance of bacteriuria, in a small series of cases, was not influenced
by the patient's age.'
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Lindemeyer, Turck, and Petersdorf have reported much greater success
in the treatment of young patients with urinary infections.' As they in-
dicated, however, young and old patients were not comparable. The older
patients frequently had recognized structural or function abnormalities of
the genito-urinary system or had had urologic surgery. Also, the older
patients were infected with bacteria that were more resistant to anti-
biotics than the bacteria found in younger women. In the present series
resistance to antibiotics was no different in bacteria recovered from sub-
jects over and under age 60. Also, there was no obvious difference in the
distribution of structural abnormalities of the urinary tract. However,
so few intravenous pyelograms and urological investigations were carried
out that this issue must be considered unsettled.
The age distribution of infections in population studies is quite different
from that of a clinic series in which women of childbearing age predomi-
nated.' The difference is probably accounted for partly by the larger number
ofyoungerwomeninageneralpopulationandpartly becauseofthe restriction
of the hospital clinic survey to cases without evidence of urinary tract
obstruction. It is also probable that young women are more apt to have
the typical symptoms of acute pyelonephritis, thus leading to their pre-
ponderance in a hospital clinic where patients come to physicians prin-
cipally because of some complaint. In the present study, questioning about
flank or black pain and dysuria showed the rates of positive responses
were higher in women age 60 and over (Table 4). It is likely, however,
that persons with these symptoms are less prone to seek medical attention
than those with the dramatic symptoms of acute pyelonephritis.
A distribution of infection midway between the clinic and survey
experiences is seen in the data from general practice reported by Fry.'
Obviously, the method of selection of patients has considerable influence
on the apparent distribution of disease in the population.
Mean systolic and diastolic blood pressures of women with urinary
infections werehigher than in thenoninfected women (Table 2). Differences
were seen in all age groups but were most marked in subjects 60 years
and over. Switzer, studying a small segment of this same population some
years previously, did not find a significant difference in the rates of in-
fection of hypertensive as compared with nonhypertensive women.' Rates
were higher in hypertensives but, perhaps because of the small number
of cases examined, not significantly so. Similarly, Smythe and Sanford,
studying the rates of urinary infection in hypertensive and nonhypertensive
patients, were unable to find convincing differences between the groups."'
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The data of Miall, Kass, Ling, and Stuart demonstrated higher blood
pressures in bacteriuric women under 60 years of age as compared with
controls.! Persons age 60 or more with bacteriuria had lower blood pres-
sures than controls. This analysis, however, was conducted by combining
data from rural and urban populations that differed in their mean blood
pressures. Blood pressures in rural women were higher than in urban
women. Combining data from these two populations might be expected
to result in higher blood pressures since over 70 per cent of bacteriurics
came from a population with higher pressures, which represented only
about 50 per cent of the nonbacteriuric population. In another presentation
of these data, in which the differences of blood pressures between bacteriuric
and nonbacteriuric women were significantly different, nonbacteriurics
were drawn from three populations with different blood pressures but the
relative distribution of bacteriuric and nonbacteriuric subjects among these
populations was not given.
Other features of the present data support the finding of higher mean
blood pressures in bacteriuric subjects (Table 3). Hypertensive heart
disease and cardiac enlargement diagnosed by X-ray were more common
in women with urinary infection. These must not be considered independent
observations, however, since the diagnosis of hypertensive heart disease
depends upon an X-ray diagnosis of cardiac enlargement and defined blood
pressure levels.
Although blood pressure levels were higher and aortic arteriosclerosis
diagnosed by X-ray were more common in subjects with bacteriuria, left
ventricular hypertrophy diagnosed by electrocardiogram was not more
common, and family histories of stroke and higher blood pressure were
perhaps less common in bacteriuric subjects. The family history data might
be interpreted to indicate that the higher levels of blood pressure in
bacteriuric women were not based on a familial tendency as one might
expect if these levels were due to essential hypertension. On the other hand,
considering the crude nature of family history data, such a conclusion is
hardly justifiable.
Experiments in animals have demonstrated that hypertension increases
the susceptibility to kidney infection. On the other hand, with one possible
exception, infection has not resulted in hypertension prior to the develop-
ment of renal insufficiency." As far as judgement is permitted by serum
urea nitrogen determinations done without fasting, significant renal in-
sufficiency was unlikely in the women with urinary infections in the
present study.
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It is of considerable interest that data from examinations four years
previously did not demonstrate the same differences in blood pressure
between bacteriuric and nonbacteriuric women. Despite the four-year
increase in age, blood pressures of noninfected women fell, whereas those
of women with infections rose. This drop in mean blood pressure of the
general population with repeat examination has been found in previous
analyses of ABCC data and by others." These data do not permit a con-
clusion as to whether rising blood pressure precedes or follows a urinary
tract infection.
If an association between blood pressure level and urinary infection is
established, the significance of this association to the problem of hyper-
tension remains to be defined. Differences in blood pressure between in-
fected and noninfected persons appear to be modest and the rarity of
infections in males limits any general significance to females. On the
other hand, women age 60 and over with urinary infection had about a
50 per cent increase in the rates for the diagnosis of hypertensive heart
disease and cardiac enlargement diagnosed by X-ray as compared with
noninfected women. It is possible, therefore, that even modest increases in
mean blood pressure levels may influence the effects of hypertension
on the heart.
Although symptoms may not be elicited from all subjects with bacter-
iuria, some are more common in those with infections as compared with
noninfected subjects (Table 4). In addition, as has been mentioned else-
where, close attention and long term follow-up of subjects with bacteriuria
has demonstrated that asymptomatic intervals are commonly interrupted
by symptomatic periods.
Proteinuria was found more commonly in infected women (Table 5)
and is perhaps related to the higher blood pressure levels in these sub-
jects. Proteinuria was associated with urinary infection in the school
children surveyed by Kunin but blood pressure levels in these subjects
were not given.' Miall, Kass, Ling, and Stuart did not find an association
of proteinuria with urinary infection.! Blood pressure levels of infected
persons were probably elevated in their study but data for white blood
cells in the urine were not given.
Women with urinary infections, as would be expected, had greater
numbers of white blood cells in their urine than women without in-
fections. There were, however, no differences in red blood cell excretion
or in histories of blood in the urine. This supports the clinical observation
that persistence of hematuria in women with urinary infection beyond
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the acute symptomatic stage of disease indicates that a search must be
made for some other urinary tract abnormality.'
Rates of urinary infection were slightly higher in women who were
located within 1,400 meters from the hypocenter ATB. A survey of a larger
sample will be necessary to evaluate this suggested association with
radiation. There were no differences between infected and noninfected
women in pregnancy rates, socioeconomic status, blood groups, hemoglobin
levels, serum cholesterol, height-weight ratio, audiometry, and vibrometry.
In a previous study based on information derived from hospital clinic
and hospital autopsy data, a considerable discrepancy was pointed out
between the male-female ratio of urinary tract infection compared with the
male-female ratio of the diagnosis of pyelonephritis at autopsy.' In the
clinic, urinary tract infection in the absence of known urinary obstruction
was ten times more frequent in women than in men. On the other hand,
at autopsy, pyelonephritis in the absence of obstruction was diagnosed with
approximately equal frequency in men and women. Although a number of
possibilities exist to explain this discrepancy between clinic and autopsy
findings, it was concluded that much of what was called pyelonephritis
at autopsy was probably not a result of bacterial infection.
The program of ABCC, consisting of clinic and autopsy studies of
the same population, permitted a re-examination of this question. The
outcome was similar to the previous hospital study. Pyelonephritis was
diagnosed at autopsy with about the same frequency in men and women
whereas in the clinic urinary infection was much more common in women
(Table 6). Since the present clinical study did not eliminate patients with
urinary obstruction, the data at autopsy were considered similarly. Con-
sidering only cases called chronic pyelonephritis, it was found that the
autopsy rates of women were predictable from the clinical rates for urinary
infection. For men, however, pyelonephritis at autopsy was as common
as in women and significantly in excess of what would be expected from
the clinical rates for urinary infection. In view of the differences of the
sex ratio for clinical urinary infection from the ratio for pyelonephritis
found at autopsy, these data are interpreted as supporting the view that
clinical evidence of urinary tract infection cannot be equated unequivocally
with what is called pyelonephritis at autopsy."9
T
SUMMARY
A simple method for obtaining a semiquantitative estimate of the number
of bacteria in a clean voided midstream urine specimen was used to screen
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a study group of about 3,000 women and 2,000 men living in Hiroshima
City.
Infections were much more common in women than in men and rose
with age in both sexes. The greatest increase in the prevalence of infections
found in women age 60 years and over was due to coliform bacteria in all
but a few instances.
Comparison of women under and over 60 years did not reveal any
differences in the type of bacteria recovered from the urine or their
resistance to antibiotics. Reasons are given for concluding that the in-
creased rates of infection in women age 60 or more were due to increased
susceptibility rather than to an altered course of infections.
Symptoms of urinary infection, proteinuria, and pyuria were more
common in infected women as compared with noninfected women. There
was no difference in hematuria, glycosuria, diabetes, serum cholesterol,
blood groups, electrocardiograms, audiometry, vibrometry, hemoglobin
levels, or height-weight ratios.
Mean blood pressure levels were significantly higher in women with
infection than in the noninfected. Four years previously there was no
difference in blood pressure. Cardiac enlargement and aortic arteriosclerosis
by X-ray and diagnoses of hypertensive heart disease were more common
in infected women. On the other hand, a family history of stroke or hyper-
tension was perhaps less common in infected women.
The weight of evidence supports the view that blood pressure is higher
in infected women as compared with noninfected women and the finding of
higher rates for cardiac enlargement suggests that this small difference in
blood pressures may have biological significance. However, the data do
not permit a conclusion as to whether the urinary infections were respon-
sible for the higher blood pressure levels or whether the higher blood
pressure levels increased the frequency of detectable infection.
The difference between the clinical rates of urinary infection in men
and women and the pathological diagnosis of pyelonephritis in the patients
drawn from the same population supports a previous suggestion that much
of what is called pyelonephritis at autopsy is not due to urinary tract
infection.
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